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Abstract 
As highly dense urban areas are also the top energy consumers, the question as to how we can design our cities to be 
“solar ready”, i.e. suitable for successful integration of active and passive solar strategies in buildings, arises. 
Through a series of insolation simulations of typical urban morphologies found in the city of Toronto, this study will 
attempt to (i) identify if Toronto is “solar ready”, (ii) suggest strategies to overcome obstacles, and (iii) develop new 
urban formations that maximize insolation levels to promote the integration of solar strategies in our built 
environments.  
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1. Introduction 
Even though urban environments around the world are home to more than half of the global population 
[1], they are located on only 2% of the earth’s surface and consume three quarters of the world’s energy 
[2]. The global population is expected to grow to approximately nine billion people by 2050 [3], and by 
2030 it is expected that five billion people will live in a city [1]. This increased density within cities will 
exhaust conventional energy generating systems which are currently in place. Still, solar energy 
harvesting strategies are rarely incorporated into the design of buildings, considering the vast amounts of 
solar energy available. Without the implementation of renewable energy sources we can expect the 
environmental declination of our planet to continue at its current pace. If we can provide at least a portion 
of the required energy (both electricity and hot water) of a building that can be harvested on site, this will 
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contribute to relieving pressure and demand on the grid, especially during peak times. It will also 
contribute to decentralization of the electrical grid, which can be vulnerable at times, as exemplified by 
the blackout that paralyzed North East of America’s continent in the summer of 2003 [4]. 
2. The city of Toronto 
The city of Toronto has a population of 2.48 million people, covers 641km2 and is the largest city in 
Canada [5].   The coordinates of the city are 43°40’12”N and 79°22’12”W [6] and it receives an 
insolation level of 1161kWh/m² annually [7]. Although Toronto is located within a cold climate [8], 
insolation levels are comparative to warm climate locations such as Rio De Janeiro, Brazil which 
experiences 1253kWh/m2 annually [7].  
As with most major cities, Toronto is comprised of varying morphologies with buildings reaching 
heights of nearly 300 meters.  The core of the city is mainly dominated by high rise buildings and as the 
city expands outwards the morphology changes to a mix of mid-rise and residential neighborhoods 
consisting of single detached dwellings with varying height.  Within only a few kilometers from the 
downtown core (which is being classified at the intersection of Bay & King) a morphological 
transformation from the highest buildings in Canada to a single detached dwelling is apparent. Three 
varying morphologies, which are i) morphology #1- high-rise towers ii) morphology #2- mid rise 
buildings, and iii) morphology #3- single detached dwellings are within a 4.35 kilometer radius of one 
another, were each investigated in this study.  
Canada is the only industrialized nation that does not have “right to light” legislation [9], which is 
hindering the utilization of solar energy. The Ontario government implemented the “Green Energy Act” 
in 2009 where feed-in tariff incentives have been offered to Ontario residents and businesses to invest in 
renewable energy. With solar energy potentially being profitable, it is interesting to observe the lack of 
involvement by Ontario residents. With the vast amounts of solar energy being delivered to the surfaces 
of buildings, why are buildings not utilizing solar energy? 
3. Objectives of the study 
The objectives of this study are to investigate morphologies within the City of Toronto to determine if 
they are “solar ready”. This entails analyzing the surfaces of the existing built environment to determine if 
passive and active solar systems can be successfully integrated for the generation of energy.  Through the 
use of solar energy simulation software, the insolation on the surfaces of Toronto’s built environment will 
be analyzed in each morphology to determine the potential to integrate solar strategies.  
Once the current built environment has been analyzed, new urban forms will be proposed that offer 
increased solar absorption.  New urban formations will be proposed, that can maximize solar insolation 
levels but not violate the architectural integrity of the current built environment.  The new urban forms 
will be designed to naturally fit into the existing context to replicate realistic development.  Once these 
urban forms have been established, variations will be made in order to manipulate solar radiation.  Solar 
urban design is the critical first step to ensure that all buildings are provided with adequate solar radiation 
that can be utilized for use within the building throughout its lifetime.     
4. Proposed methodology  
To analyze the existing built environment of Toronto, a digital model of the downtown area was 
retrieved.  The model was closely analyzed for accuracy and scale before any further work was 
conducted. The original digital model composed of high levels of detail which contributed to long loading 
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times and often erroneous simulations.  Many times the simulation software would cease progress and 
close because the many surfaces of the model were too demanding for the software to complete.  For this 
reason, the model had to be simplified using mass models instead of detailed models.  Since a mass model 
will not be an exact representation of the City of Toronto, an acceptable level of error must be expected.  
Fig. 1 displays an example of a mass model compared to a detailed model.  Although the surface area of 
the model varies by approximately 25% the insolation level only differs by 4.9%, which is quite 
acceptable.     
 
 
Fig. 1. Detailed model compared to a mass model. 
A literature review of solar urban design provided many design principles that were useful during this 
study.  A study by Cheng, Steemers, Montavon, & Compagnon [10] proposed that randomness in the 
horizontal direction is the most important solar design criteria for dense urban environments.  This design 
principle was utilized in morphology #1 in order to compare the current built environment to a newly 
proposed morphology.    
 Another design concept that was utilized in the development of new morphologies was the solar 
enveloped concept developed by Ralph Knowles [11]. The solar envelope is an imaginary set of 
boundaries within a site that permits a building to be constructed within these limits.  These limits are 
regulated by the solar path which will restrict a building from being designed to overshadow other 
buildings.  The concept of a solar envelope can be applied to any building site and is a simple and useful 
design tool for architects and engineers.  
5. Preliminary results 
The overall process of modeling and performing solar simulations of the studied areas was a repetitive, 
labor intensive, and difficult task.  Many complications were experienced that dramatically increased the 
time necessary to model and simulate the studied areas.  It seems typical that energy simulation software 
lacks the ability to build a 3-dimensional (3-d) model, and conversely, modeling software lacks the ability 
to perform accurate and meaningful energy simulations therefore encouraging the transfer of files 
between software. The incompatibility between software, even when they are developed by the same 
company, remains inadequate, with vital data being lost through the export and import of files. Simulation 
software Vasari and Ecotect offer import and export functions from modeling software such as AutoCAD 
and Revit, although it is not uncommon that this seemingly simple task generates unnecessary conflicts 
and/or errors. After a time consuming and laborious task of generating the 3-d models in AutoCAD, the 
same model had to be redrawn in Revit in order to achieve a file that is suitable for export into the solar 
simulation software. Rebuilding 3-d models is time consuming and disrupts the flow of the design 
process. This leaves users with very limited resources and discourages the use of a single, common digital 
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model between software tools. The ability to utilize a single digital model would prevent errors or 
inconsistencies and also reduce labor since up to 80% of the effort in preparing an energy simulation goes 
into the geometric description of building [12].  In a real world scenario, where a building is being 
designed for construction, it seems unrealistic that the approach experienced by the author could be useful 
since so much time, and therefore money, was wasted with the repetitive geometric input resulting in 
inconsistent and questionable output.  
After much time spent investigating and working in the available software, the final simulations were 
completed using Autodesk`s Revit and Ecotect. The mass models were built in Revit where they were 
than exported as a “mass model .gbxml”.  This file could then be opened by Ecotect (not imported) and 
used for solar radiation analysis.  Although no errors were recognized during initial analysis, it was 
evident that data was lost in the transfer from software due to the results from the numerical and visual 
simulations.  The roofs of the highest buildings in the morphology were reading 130kWh/m2/year, where 
facades and lower roofs were reading numbers far greater.  In this scenario, the mass model had to be 
updated within Ecotect, where the roof level was deleted and redrawn.  Re-simulating the model 
determined solar radiation values that were much more appropriate.  
The barriers that were faced by the authors can be validated with research conducted by the U.S. 
Department of Energy [13] which determined that building performance simulation software tools tends 
to be developed for engineers and not architects. Since 1997, approximately 389 energy simulation 
software tools were developed with only 35 intended for the architectural community. The users for many 
of these energy simulation programs are mainly researchers, physicists, and experts who value empirical 
validation, analytical verification, and calibration of uncertainty [14]. During the early design phases, 
architects are not looking for precise numerical results, as such results will be developed in the detailed 
design phase by a solar consultant/engineer. Rather, architects are looking for a general understanding of 
how design decisions that occur during the early design phase will affect the overall energy consumption 
of a building.   
6. Results 
6.1. Study areas 
Initial simulations were completed by removing buildings at the main intersections of each 
morphology and replacing them with newly proposed solar urban designs. Initial simulations seemed 
promising for the City of Toronto to potentially harvest solar energy for use in its built environment.  In 
morphology #1, randomly placed high rise buildings at a height of 274 meters, which is relative to the 
current height of Toronto’s built environment, increased insolation levels by 211% (Fig. 2).  The high 
insolation level was achieved by providing space between the buildings to allow solar radiation to 
penetrate the building surfaces due north of others.  
Preliminary simulations delivered the following results.  Morphology #1 was deemed to be unrealistic 
for varying building formation due to the high demand of square footage to maximize gross floor area for 
profitability.  Lots in the core of major cities are developed to the maximize floor space in order for 
owners to maximize profits. This results in minimal opportunity to focus on solar design.  Other 
renewable energy sources such as wind power may be preferable due to the wind that is generated by 
deep urban canyons created by neighboring high-rise buildings, but is not within the scope of this 
research.   
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Fig. 2. King St. E. and Bay St. using horizontal randomness as a design tool. 
Morphology #3 did not see as drastic of increase in insolation with only a 9% increase in the 
north/south orientation and a 6% increase in the east/west orientation (Fig. 3a & fig. 3b). Morphology #3 
showed very little fluctuation in insolation levels due to the limited building sizes that is permitted in 
residential neighborhoods.  The proposed morphologies for this area did not exceed 10 meters in height 
and the foot prints of the buildings were similar to the current built environment of approximately 4.5 
meters wide by 15.25 meters deep.  With these restrictions it is difficult to manipulate the existing built 
environment without violating realistic building practices and zoning bylaws to accomplish higher 
insolation levels.  The current area of morphology #3 achieved an overall insolation level of 324 
kWh/m2/year in the east/west orientation and 338 kWh/m2/year in the north/south orientation which far 
exceeds the more vertical built environments of morphology #1 and #2.  Vegetation also plays a crucial 
role in residential neighborhoods but was not involved in the simulation process due to the complexity 
and ultimately unknown locations of trees or other overshadowing factors.  Large trees, which are both 
common and desired in residential areas, will cast shadows on any type of building during the high 










Fig. 3. Morphology #3- low rise residential neighbourhood (a) north/south orientation (b) east/west orientation  
6.2. Morphology #2 
Morphology #2 (Fig.4) poses the most potential since it is a relatively even mix of residential and 
commercial spaces.  The building height in the investigated area varies from 2.8 meters high to 52.6 
meters high and can be solely residential, commercial, or a combination of the two.  The area is 
comprised of many small businesses including hotels, restaurants, shops and numerous small offices.  
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There are also many residential buildings in the area varying from single detached buildings to apartment 
complexes.  
Morphology #2 offers the opportunity for buildings to display architectural individuality and solar 
design since square footage is not as demanding as the high rise morphology #1 and vegetation and 
zoning limitations are not as restrictive as in the residential area of morphology #3.   Critical elements of 
mid rise morphologies were maintained, such as the corridor type street level front that is often occupied 
by retail space or restaurants.   
 
Fig. 4. (a) aerial view of King St. W. & Bathurst St.; (b) bird’s eye view of King St. W. & Bathurst St 
The buildings in the main intersection of this area were removed from the digital model in order to 
simulate new urban designs that achieve higher insolation levels.  Multiple simulations using very simple 
geometric mass models were completed using varying patterns to investigate insolation levels. 
The flat storefront typology which is common to this area was maintained and new morphologies were 
pushed to the edge of each street with space for residential being placed behind.  Large mass buildings 
were avoided since they do not replicate realistic living conditions i.e. no access to sunlight from the 
center of the building.  The width of the buildings does not exceed 15 meters since anything deeper would 
not permit access to the exterior preventing passive solar systems from being utilized and would violate 
building code regulations such as fire escape routes.  Building height does not exceed 50 meters which is 
















Fig. 5. Simulation of the existing built environment.  
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In order to compare the existing built environment with proposed urban morphologies, a base 
simulation of the existing conditions was performed.  Figure 5 displays the surfaces that were analyzed 
that will be compared to the surfaces of the new proposed morphologies.  Since the existing morphology 
contains buildings with varying heights, only those which resemble a mid-rise morphology were included.  
In all simulation only the south façade and roof surface were included since these are the favorable 
surfaces for solar integration. 
The initial simulations were designed with the height of the building not exceeding the width of the 
street which is 30 meters.  In fig. 6(a) each building is 30 meters long x 30 meters high x 15 meters wide 
and received an insolation level of 702kWh/m2/year.  In fig. 6(b) the buildings on the north remained the 
same size and the buildings on the south are only 15 meters high and saw a slight increase in the 
insolation level to 704kWh/m2/year.  Fig. 6(c) used a “stepping back” formation and received an 
insolation level of 704kWh/m2/year.  Although fig. 6(b) and fig. 6(c) did not experience drastic increase 
in insolation levels, it should be noted that each has less surface area than fig. 6(a) and permits the access 
of solar radiations to the buildings on the north.  
Fig. 6.(a) proposed morphology #1.; (b) proposed morphology #2.; (c) proposed morphology #3 
These initial simulations were used as a preliminary design that could than direct the research to 
building formations which could be further developed into realistic architectural buildings.  Fig. 7 
displays simulations that were designed using the above model (Fig. 6) as a general guideline.  The 
proposed morphologies were designed with sloped surfaces due south to maximize solar absorption.  The 
sloped rooftops received a maximum insolation level of 962kWh/m2/year which possesses much potential 
for energy generation.  
 
Fig. 7. (a) proposed morphology #4.; (b) proposed morphology #5.; (c) proposed morphology #6 
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The results from the proposed morphologies are presented in Table 1.  For each of the proposed 
morphologies the insolation levels increased by approximately 164 kWh/m2/year.  
Table 1. Results from proposed morphologies 
7. Conclusion 
The results from this study show that the current built environment of Toronto is not designed for 
buildings to fully take advantage of solar energy for the generation of electricity or hot water. There is 
always the opportunity for solar installations on the rooftops of higher buildings to utilize solar energy, 
but an overall solar simulation depicts that the morphology of this mid-rise study area is not providing 
enough radiation to consider solar energy as a contributing source of energy.  
The methodology that was undertaken by the author to improve insolation levels in morphology #2 
contributed to laborious and repetitive work that must be addressed in the development of future 
simulation software.  The software used was self-taught and used specifically for this study, with much 
time spent becoming familiar with the interfaces and functioning of each program.  It was in this area of 
the study where limitations were experienced.  The software does not function well with large models 
such as city blocks and often, results cannot be achieved.  It was difficult to manipulate the files to 
achieve a digital model that can be simulated.  The mass models had to be redrawn with simple geometry 
to reduce files sizes and surface calculations and this process adds a percentage of error that must be 
considered when analyzing results.  It seems unrealistic that a similar methodology could be satisfactory 
in a real world scenario and all results should be analyzed critically.  
In the new morphologies the insolation will not provide enough energy to completely satisfy the 
energy demand but there is potential to facilitate conventional sources of energy.  The proposed 
morphologies received a maximum of 962 kWh/m2/year, which when compared to the average overall 
energy use of a building in Canada at 219 kWh/m2/year [15] seems significant. The preliminary 
simulations received slightly higher than average insolation levels but it was the sloped surfaces on the 
new morphologies that maximized insolation levels.   
It was also determined that increasing building surface area to the south was just as important as 
providing solar access to buildings due north. In the preliminary simulations (fig.6 (a) – fig. 6(c)) 
insolation levels slightly increased as surface area decreased. Allowing all building surfaces to absorb 
solar radiation is a design principle that should be considered in new developments.  Solar urban design is 
not solely about maximizing insolation levels on a single building, but providing adequate amounts of 
insolation to surrounding buildings so the utilization of solar energy can be experienced on all building 
surfaces.  
Improvements are imminent in both passive and active solar strategies to improve the utilization of 
solar energy.  Simple adjustments of the geometry of our built environments, sloping of facades, or 
Morphology Type  Insolation Level (kWh/m2/year) Increase from current built environment  
( kWh/m2/year ) 
Proposed morphology #1 (Fig.6a) 702 185.06 
Proposed morphology #2 (Fig. 6b) 704 187.07 
Proposed morphology #3 (Fig. 6c) 704 187.07 
Proposed morphology #4 (Fig. 7a) 675.28 158.34 
Proposed morphology #5 (Fig. 7b) 639.83 122.89 
Proposed morphology #6 (Fig. 7c) 659.23 142.29 
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strategically organizing buildings can contribute to utilizing the endless and free sources of solar energy 
and to decrease our reliance on conventional, and often harmful, energy generating systems.  
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